INTRODUCTION {#sec1-1}
============

Evidence suggests that trace amounts of inhaled anesthetics carry risk for operation theater (OT) personnel\[[@ref1]\] and also impact greenhouse gas emissions.\[[@ref2]\] Although scavenging systems have minimized OT pollution, excess gases vented to the atmosphere, still contribute to environmental hazard.\[[@ref3]\] Considering this fact, there is a need to reduce the quantity of inhalational agents used intraoperatively. In tertiary hospitals to some extent, it is taken care of as workstations have facilities for low flow anesthesia\[[@ref3]\] and the use of target-controlled inhalational anesthesia, an anesthesia delivery system available in the newer anesthesia machines.\[[@ref4]\] However, for this to reach all centers where anesthesia is practiced is not foreseeable in the near future.

To minimize the use of inhalational agents intraoperatively, we hypothesized that the hypnotic component of multimodal analgesia (MMA) will reduce the minimum alveolar concentration (MAC) of isoflurane (ISO) for skin incision at a constant bispectral index (BIS).

MMA is a scientific approach to treat acute pain, where all four elements of pain processing are targeted with drugs of different pharmacologic actions. The four elements are (1) transduction, (2) transmission, (3) modulation, and (4) perception. Traditionally, analgesic therapies targeted only one or two elements of the pain pathway.\[[@ref5]\]

MAC is a robust quantitative measurement used as the standard for determining potency of an anesthetic gas. It is defined as the MAC at sea level of inhaled anesthetic required to prevent apparently purposeful movement in 50% of patients in response to surgical incision (MAC-50%: 1).\[[@ref6]\] Other relevant MAC derivatives are MAC-95%: 1.2--1.3 times MAC and MAC-BAR: 1.5 times MAC (MAC that blunts adrenergic responses to noxious stimuli/skin incision).\[[@ref1][@ref6][@ref7]\]

In clinical practice, the components of balanced anesthesia (unconsciousness, analgesia, and immobility) are monitored by the heart rate (HR) and blood pressure (BP).\[[@ref8]\] Changes in these parameters signal an "imbalance" in balanced anesthesia,\[[@ref8]\] which is detrimental to vital organs.\[[@ref7]\] BIS monitoring reflects the degree of hypnotic component of anesthesia. It is added as a "vital sign for consciousness" which correlates with depth of hypnosis in balanced anesthesia.\[[@ref8][@ref9]\] It is a numerical index ranging from 100 (awake) -- 0 (isoelectric electroencephalogram \[EEG\]) of the processed EEG. Values of 40--60 have been recommended for general anesthesia.\[[@ref10]\]

MATERIALS AND METHODS {#sec1-2}
=====================

This randomized, prospective, double-blind, clinical study was carried out in a Tertiary Care Centre from June 2011 to May 2013. After obtaining approval from Institutional Review Board, 42 patients with informed written consent scheduled for lumbar spine surgery were included in the study. Patients aged between 20 and 65 years of either sex with body mass index of 18--30 belonging to American Society of Anesthesiologists (ASA) physical status I and II were included in the study. Pregnant women, patients with bronchial asthma and known drug allergy were excluded from the study. Patients were randomly allocated into two groups (*n* = 21), Group A and Group B, by allocation sequence generated by computer-generated random number table.

Group A (MMA group/study group) received injections diclofenac sodium - 75 mg, paracetamol - 1 g, clonidine - 0.75 µg/kg, and fentanyl - 3 µg/kg and local infiltration (bupivacaine 0.25% 20 ml with adrenaline 1:1000, 2 drops). Group B (conventional regime group/control group) received injections paracetamol - 1 g and fentanyl - 3 µg/kg and local infiltration (saline 20 ml with adrenaline 1:1000, 2 drops). Study drugs were prepared by assigned postgraduate students who were not part of study design.

After confirming the preanesthetic evaluation and consent, in the induction room, the following monitors were connected: electrocardiogram, noninvasive BP, SpO~2~ (O~2~ saturation of hemoglobin), BIS, end-tidal CO~2~, and train of four (TOF: neuromuscular monitor) for monitoring throughout the surgery. Intravenous cannula was inserted for drug and fluid administration. Oxygen was administered by O~2~ mask. Intravenously, injections midazolam 0.03 mg/kg, ondansetron 4 mg, and glycopyrrolate 0.2 mg were administered to all the patients. Preemptive analgesia was practiced: analgesics being administered prior to induction, providing sufficient time for the onset of action of drugs. Following preoxygenation with 100% O~2~ for 3 min, 2 min prior to induction, injection fentanyl 3 µg/kg was given to all the patients followed by induction with injection propofol and tracheal intubation facilitated with injection atracurium 0.5 mg/kg. Anesthesia was maintained with ISO in 60% N~2~O and O~2~, injection atracurium and injection morphine. HR and BP were maintained within ± 10% of the baseline values at skin incision and intraoperatively. End-tidal ISO concentration was continuously monitored using an infrared gas analyzer. The MAC~ISO~ was titrated to achieve BIS of 50--55 which was maintained for 15 min before skin incision, after painting and draping\[[@ref6][@ref11]\] and MAC~ISO~ for skin incision was documented. At the conclusion of surgery, all patients were allowed to recover spontaneously to TOF of T~2~. Residual neuromuscular blockade was reversed with injection glycopyrrolate 10 µg/kg and injection neostigmine 50 µg/kg. Tracheal extubation was done when the following criteria were met: BIS: 85--88 and TOF T~4~/T~1~ ratio ≥0.9.

Adverse effects of analgesic drugs such as intraoperative bradycardia (opioid, clonidine) bronchospasm, gastritis (NSAID's), postoperative nausea, vomiting, and respiratory depression (opioid) were noted.

Statistics {#sec2-1}
----------

This study was nested within a study whose objective was to assess "the effect of multimodal preoperative analgesia on stress response to surgery and postoperative pain score" in patients undergoing lumbar spine surgery. For this study, the sample size estimated was 21 patients in each group with α =0.05 and β =0.20 to observe a difference of 4.3 µg/dl in serum cortisol level between the groups. The distribution of all continuous data was examined using QQ plots. Normally distributed data are presented as mean ± standard deviation. Normally distributed data of MAC~ISO~ for skin incision between the two groups (control and study group) were compared using independent sample *t*-test. One sample *t*-test was used to compare the standard mean concentration with the means of the study and control groups, *P* \< 5% being considered statistically significant. Adverse effects of the drugs were compared between the groups using Chi-square test and presented as number percentage. Data were analyzed using SPSS software (SPSS Inc., Release 2009, PASW Statistics for Windows, Version 18.0. Chicago, IL, USA).

RESULTS {#sec1-3}
=======

The demographic data in both the groups were comparable \[[Table 1](#T1){ref-type="table"}\]. The MAC~ISO~ requirement was significantly higher in the control groups at the time of skin incision for BIS of 50--55 (*P* \< 0.001) compared to the study group \[[Table 2](#T2){ref-type="table"}\]. MAC~ISO~ mean was reduced both in the control group (6%) and the study group (49%) compared to the standard mean but was significantly reduced in the study group *P* \< 0.001 \[[Table 3](#T3){ref-type="table"}\]. Postextubation, 43% had nausea and 9% had vomiting in the control group; however, no adverse effects were noted in the study group \[[Table 4](#T4){ref-type="table"}\]. None of the patients in either group had intraoperative awareness.
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Comparison of control group and study group mean with standard mean (*n*=21 per group)
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DISCUSSION {#sec1-4}
==========

MMA has gained importance with the rising number of fast-track surgeries\[[@ref12]\] and its efficacy in attenuating postoperative pain.\[[@ref13][@ref14][@ref15]\] In this study, the hypnotic effect of MMA drugs on MAC~ISO~ to skin incision was determined during general anesthesia with BIS monitoring. The study is currently supported by MAC sparing effects of various analgesic drugs in trials on animals.\[[@ref16][@ref17][@ref18][@ref19]\] In patients, MAC of inhalational agents is studied with two-stage or three-stage incremental Infusion of analgesic drugs with estimation of plasma concentration.\[[@ref20][@ref21][@ref22]\] Although a BIS of 60 is acceptable with a combination of volatile anesthetics and opioids,\[[@ref8]\] we maintained BIS at 50--55 as intraoperative awareness has been documented at values higher than this.\[[@ref10]\] The MAC~ISO~ was titrated to achieve BIS of 50--55 and steady-state was maintained for 15 min before skin incision for alveolar, arterial, and brain partial pressures to equilibrate.\[[@ref23]\] In the study, ISO was used as it is a "gold standard" anesthetic.\[[@ref1]\]

MAC~ISO~ in O~2~ is 1.17% end-tidal, MAC~ISO~ in 60--70% N~2~O with O~2~ is 0.56% end-tidal, and MAC-BAR~ISO~ in N~2~O with O~2~ is 0.84% end-tidal (standard mean).\[[@ref1]\] MAC~ISO~ for skin incision was significantly reduced in the study group to 0.43% end-tidal compared to 0.79% end-tidal in the control group (*P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\]. In pairwise comparison with standard mean of MAC-BAR~ISO~, MAC~ISO~ values in the study group were decreased by 49% when compared with 6% in the control group which was clinically significant (*P* \< 0.001) \[[Table 3](#T3){ref-type="table"}\]. It is clear from the observed results that there is no significant difference between standard mean and the control group (*P* = 0.43). In accordance with the hypothesis of the study, the results support the fact that MMA has anesthetic interaction with ISO in reducing MAC~ISO~ for skin incision. The results of the study are consistent with previous reports that showed a decrease in MAC~ISO~ after administration of either fentanyl,\[[@ref3][@ref17]\] ketamine,\[[@ref18]\] dexmedetomidine,\[[@ref16]\] lignocaine, or combination of these drugs.\[[@ref19]\] Studies are required to assess the synergistic effect of MMA with MAC of inhalational agents without N~2~O, which could contribute to decreased use of inhalational anesthetics. Thomasy *et al*. have discussed in their study that MAC varies with different fentanyl doses in different species, for example, plasma fentanyl values of 6--10 ng/ml in dogs reduces MAC by 53%, humans by 82%, and horse and swine with fentanyl of 13.31 ng/ml by 18%.\[[@ref17]\] They have concluded that therapeutic range of fentanyl consistently reduces anesthetic requirement. More studies are required with serum drug levels with various doses of fentanyl in different types of surgery as part of MMA regime for appropriate drug dosing. In a study by Rioja *et al*., MAC~ISO~ in control group was 1.46 whereas with dexmedetomidine MAC~ISO~ was 0.83 in rats, which was statistically significant (*P* \< 0.01).\[[@ref16]\] In a study by Gutierrez-Blanco *et al*., MAC was titrated based on clinical signs and autonomic responses to surgical stimuli with ISO in 100% O~2~ in dogs. They found MAC requirement at the beginning of the skin incision in control group was 1.74, whereas with fentanyl, it was 1.1, with lignocaine 1.35, dexmedetomidine 1.16, and combination of lignocaine-ketamine-dexmedetomidine 1.01. They also found significant difference in MAC values within the groups compared with baseline values (*P* \< 0.05). Similarly, there was a significant difference when each group was compared with control group (*P* \< 0.05).\[[@ref19]\] Many studies are required with permutation and combination in MMA regime with available drugs targeting all four elements of the pain pathway to improve recovery profile, shorten both OT and postanesthesia care unit stay, reduce OT pollution, in turn greenhouse gas emission, and avert the side effects of higher doses of drugs.

CONCLUSION {#sec1-5}
==========

We conclude that preemptive MMA has synergistic effect with ISO. It effectively reduces MAC~ISO~ to skin incision to a greater degree. Hypnotic component of MMA has to be considered intraoperatively to surmount "imbalance" in balanced anesthesia. Further studies in distinct surgery with different combinations of drugs in MMA are needed to support the findings of the study.
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